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@ Interior material for vehicles and method for its manufacture. 



© A simple manufacturing method of an interior material 
for vehicles including the steps of: (a) vacuum forming a 
plastic surface layer in a mold; (b) placing a reinforcing fiber 
mat onto the surface layer via an adhesive; (c) permeating 
a polymer composition containing unsaturated mono alco- 
hol, polyisocyanate and catalysts throughout the reinforcing 
fiber mat; and (d) demolding an integrally-molded object 
from the mold. An interior material manufactured by the 
method Is lighter than conventional ones and its construc- 
tion is very simple. 
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TITLE 

INTERIOR MATERIAL FOR VEHICLES AND 
METHOD FOR ITS MANUFACTURE 

TECHNICAL FIELD 

This invention relates to an interior material, of shook 
absorbing capability, for vehicles, including a rigid base 
and a surface layer mounted thereon and to a method for its 
manufacture. 

BACKGROUND ART 

The interior material is used, as an example, for a knee 
pad 10, an instrument panel 11 both shown in Fig. 11, door 
trim, quarter trim or a console lid* The requirement is 
that the material has good impact absorbing capabilities to 
protect the driver or passenger and maintain a good surface 
appearance and feeling. 

Two methods have been used for manufacturing an interior 
material for vehicles. One method is: compressing a molding 
material, which contains a fiber such as cotton, flax or a 
synthetic fiber and a phenol resin permeated therethrough and 
which is generally called "Resin-felt", in a die so as to 
form a rigid base; and pressing the base and a surface layer 
mounted thereon into another mold or die to unite them 
together. The other method is: injection molding a rigid 
base mainly consisting of rigid plastic in a cast, or press 
forming a metallic base in a die; and foam-molding a cushion 
pad between the base and a surface layer in a mold so as to 
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unite the base with the surface layer. An example of a knee 
pad generally used and manufactured by the second method is 
shown in Fig. 1 0 r in which a cushion pad 14 is formed between 
a metal insert (a steel plate) 1 2 and a surface layer 16. 
This metal insert 12 is used for absorbing impact, for 
example, in a knee pad and is used for maintaining its shape, 
for example, in a console lid. 

The general methods for manufacturing this material and 
the product manufactured thereby, however, have the following 
problems. First, the process of manufacture is very 
complicated and since at least two molds or dies are required 
for forming a base and then for uniting the base with a 
surface layer, the cost of manufacture is high. Second, if 
metal is used in the base, the interior material becomes 
heavy. If the Resin-felt or a rigid plastic is used, the 
base cannot help thickening and thus becoming heavy because 
of the low strength thereof. Moreover, the construction is 
rather complicated. 

DISCLOSURE OF THE INVENTION 

The above problems of the prior art are solved by a 
manufacturing method including the steps of: 

(a) vacuum forming of a plastic surface layer by 
sucking a thermoplastic resin sheet in a thermosof tened state 
into a shaped mold; 

(b) placing a reinforcing fiber mat onto the surface 
layer via an adhesive in the mold; 

(c) in j ect ing a polymer composition containing 
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unsaturated mono alcohol, polyisocyanate and catalysts into 
the mold so as to permeate the polymer composition throughout 
the reinforcing fiber mat; and 

(d) demolding an integrally-molded object from the mold 
after the completion of curing of the polymer composition. 

These objects are also attained by an interior material 
for vehicles manufactured by the above method, which includes 
a reinforcing fiber mat with a polymer composition permeated 
therein and a plastic surface layer integral ly formed 
therewith- 
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An unsaturated mono alcohol such as fumarate ester-mono 
alcohol reacts with a polyisocyanate such as a liquified 
version of 4 , 4 ' -diphenylmethane diisocyahate to form a 
compound shown by an above formula (I). When peroxide is 
included in this reaction, the two types of double bonds also 
react to give a highly crosslinked polymer having a high 
strength and rigidity such as an unsaturated polyester. 
Here, the highly crosslinked polymer contains urethane bonds 
and the bonds caused by radical reaction. 

The polymer composition consisting of unsaturated mono 
alcohol, polyisocyanate and catalysts is characterized in its 
low viscosity and the low thickening characteristic in the 
initial state of the reaction. Fig. 1 2 shows plots for the 
viscosity of the polymer composition and a general urethane 
composition for RIM (Reaction Inj ection Molding) each against 
the reaction time. From the figure, the low viscosity of the 
polymer composition in the initial state of the reaction can 
be observed. The urethane composition used is made of 1 00 
parts of polyether polyol (Molecular weight 6000, OH value 
28, 3 functional groups ) , 19 parts of ethyleneglycol, 0.1 
part of dibutyltin dilaurate, 80 parts of dioctyl phthalate 
(DOP) and 110 parts of modified MDI (29NCO%). The polymer 
composition is , on the other hand, made of 1 00 parts of 
fumarate ester-mono a lcohol , 0 . 1 part of dibutyltin 
dilaurate, 0.4 part of a chelated cobalt compound, 50 parts 
of DOP, 50 parts of modified MDI (29NCO%) and 5.1 parts of 
tert-butyl perbenzoate. Here, the part is a weight part. 
DOP is added to easily measure the viscosity, and the 
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concentration thereof is adjusted to 26 % in each 
composition. 

Since having the low viscosity in the initial state of 
the reaction, the polymer composition injected in a mold can 
be easily and homogeneously permeated through the reinforcing 
fiber mat. The polymer composition then cures to become a 
highly crosslinked density polymer. As a result, the polymer 
composition and the reinforcing fiber mat are united so as to 
form a base. The base possesses both high rigidity and high 
strength by the synergistic effect of the rigidity of the 
highly crosslinked density polymer and the strength of the 
reinforcing fiber mat. Thus, it can normally keep the shape 
of the interior material, distort in response to an impact 
and destruct itself in response to an especially great impact 
so as to absorb and decrease the impact for protecting a 
driver or a passenger. The good surface appearance and 
feeling is obtained by covering the base with a surface 
layer. The base and the surface layer are integrally molded 
via an adhesive. Since the above base is lighter in weight 
than a prior art base that included a metal insert, the 
interior material of the invention is lightened. 

In summary, the present invention has following 
advantages and other related advantages. The method provides 
a simple manufacturing method of an interior material for 
vehicles, where only one mold or die is sufficient for its 
manufacturing process. It also provides a light weight 
interior material for vehicles, the construction of which is 
not complicated or costly. 
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BRIEF DESCRIPTION OF DRAWINGS 

The invention may be best understood by referring to the 
following detailed description of preferred embodiments and 
the accompanying drawings, wherein like numerals denote like 
elements and in which: 

Figs. 1, 2, 3 and 4 are sectional views illustrating a 
process for manufacturing a door trim in a first embodiment 
of the invention; 

Fig* 5 is a perspective view of the manufactured door 
trim in the first embodiment, partly in section; 

Fig. 6 is a sectional view of a knee pad of a second 
embodiment of the invention; 

Figs. 7, 8 and 9 are sectional views illustrating a 
process for manufacturing the knee pad in the second 
embodiment; 

Fig. 10 is a perspective view of a prior art knee pad, 
partly in section; 

Fig. 11 is a side view of the inside of an automobile; 

and 

Fig. 1 2 is plots for viscosity of the polymer 
composition of the invention and of a general urethane 
composition each against the reaction time. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Hereafter preferred embodiments of the invention will be 
described in detail according to the attached drawings. 

Figs. 1 through 4 illustrate a process of manufacture of 



6 



: : - 0247359 

a door trim as a first embodiment. 

fa) Vacuum forming of a plastic surface layer (see Fig. 1) 

A thermoplastic resin sheet 22a in a thermosof tened 
state is sucked on a face 24a having a door trim shape in a 
mold 24 so as to vacuum form a surface layer 22 according to 
a conventional method. The thermoplastic resin used is 
appropriately chosen, considering the feeling or touching, 
from a simple substance of resilient polyvinyl chloride resin 
or resilient foamed polyvinyl chloride resin and a resilient 
mixed substance of polyvinyl chloride resin and ABS resin. 
The mold 2 4 has a hole for suction, which leads to several 
holes through the face 2 4a. The face 24a can have a pattern 
for decoration if required. The suction in the mold 2 4 may 
be stopped after forming the surface layer 22 , or may be 
continued throughout the process of manufacture of the 
interior material in which to adhere the surface layer 22 on 
the face 24a, thus preventing the surface layer 22 from 
getting out of position. 

(b) Placing a reinforcing fiber mat (see Fig. 2) 

An adhesive is applied to the surface layer 2 2 so as to 
form an adhesive layer 26, and then a reinforcing fiber mat 
28 is placed onto the surface layer 22 via the adhesive layer 
26. The adhesive used may be any of an urethane adhesive, an 
epoxy adhesive and an acrylic adhesive. For example, trade 
mark DA-31 46 (Nogawa Chemical ) or trade mark S-dine 277 NPU 
(Sekisui Chemical) is used. It is preferable to use a 
reinforcing fiber mat containing long glass-fibers, which is 
pre-shaped. In this embodiment, a continuous strand mat 600 
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g/m 2 / trade mark M-8609 (Asahi Fiber Glass) is used. An 
auxiliary reinforcement such as carbon fiber is further added 
to a part of the reinforcing fiber mat especially required to 
have the strength. 

(c) Injecting a polymer composition to permeate it through 
the reinforcing fiber mat (see Fig. 3) 

A polymer composition 30 consisting of unsaturated mono 
alcohol, polyisocyanate and catalysts is injected into the 
mold 24 and the mold is then closed with a cover 32. There 
is no necessity of strongly pressing the cover 32 for 
molding, but the dead weight thereof is enough. This is 
because the polymer composition 3 0 scarcely foams in the 
reaction and thus there is substantially no increase of the 
pressure in the mold. The injection of the polymer 
composition 30 may be executed after closing the mold. The 
injection timing is determined based on the construction of 
the mold 24 and the equipment for manufacture. Although in 
the injection after closing the mold, it is required to apply 
a locking pressure substantially the same as an injection 
pressure (usually less that 2 kg/cm 2 ) , the locking pressure 
required in this embodiment is far less than a locking 
pressure (5 to 7 kg/cm 2 ) required in foam-molding a rigid 
urethane foam. 

The unsaturated mono alcohol preferably contains over 
95% of a f umarate ester-mono alcohol. As an example given is 
an unsaturated mono alcohol synthesized from methacrylic 
acid, propylene oxide and maleic anhydride in the presence of 
an amine catalyst is given. This unsaturated mono alcohol 
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contains both fumarate ester-mono alcohol and maleate ester- 
mono alcohol being isomeric with each other, and in more 
detail, over 95 % is the fumarate ester-mono alcohol and the 
remaining 0 to 5 % is the maleate ester-mono alcohol. The 
polyisocyanate used can be either of aromatic and aliphatic 
polyisocyanate. 

The polymer composition consists of A component 
including unsaturated mono alcohol and B component including 
polyisocyanate, and these components are admixed while being 
inj ected into the mold. It is simple and convenient to use 
an injection molding machine (RIM molding machine) for 
injection. 

An example of a combination of the polymer composition 
is shown below* 

A component 
unsaturated mono alcohol ...••1 00 parts 

( 99 % of fumarate ester-mono alcohol and 1 % of maleate 
ester-mono alcohol, OH value 188) 

dibutyltin dilaurate 0.10 to 0.12 part 

chelated cobalt compound .0.10 to 0.1 5 part 

B component 

modified MDI <29NCO%) 51 parts 

(MD KASEI trade mark 1-1 43L) 

tert-butyl perbenzoate 2.0 to 2.8 parts 

The quantities of addition of the catalysts, i.e., 
dibutyltin dilaurate, chelated cobalt compound and tert-butyl 
perbenzoate, are determined based on the varieties of 
unsaturated mono alcohol and polyisocyanate used and the 
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manufacture conditions so as to obtain the optimum rate of 
the reaction. Stannous octoate or dimethyltin dilaurate can 
be also used as a catalyst. Further, benzoil -peroxide , 
methyl-ethyl ketone peroxide, etc. as organic peroxide, or 
cobalt acetyl acetonate as chelated cobalt compound are used 
as catalysts or accelerators. 

Since having the low viscosity before the reaction and 
in the initial state of the reaction, the polymer composition 
inj ected in the mold is easily permeated throughout the 
reinforcing fiber mat. As for the polymer composition having 
the combination shown above, the viscosity before the 
reaction is about 600 cps (25°C), which is less than half of 
the viscosity, about 1 500 cps (25°C) , of a conventional 
polyurethane composition, 

(d) Discharging an integrally- molded obj ect from the mold 
after the completion of curing of the polymer composition 
( see Fig, 4 ) 

The poly m er composition permeated through the 
reinforcing fiber mat cures to become a highly crosslinked 
density polymer so as to form a base 3 4 by uniting with the 
reinforcing fiber mat. The base 34 has high strength and 
high rigidity by the synergistic effect of the highly 
crosslinked density polymer and the reinforcing fiber mat. 
If the polymer composition having the combination shown above 
is used, only 1 to 5 mm of the base can possess enough 
rigidity and strength for a door trim. The base 3 4 and the 
surface layer 2 2 are united by the adhesive effects of the 
polymer composition and of the adhesive layer 26. The 
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integrally-molded object consisting of the surface layer 22 
and the base 34, i.e., a door trim in this embodiment, is 
then demolded from the mold and is trimmed if necessary. 
Fig. 5 shows the manufactured door trim, partly in section. 

A second embodiment of the invention is now described 
according to Figs. 6 through 9. 

Fig. 6 is a sectional view of an U-shaped knee pad 40 
consisting of a base 42 and a surface layer 44. The base 42 
is made of a reinforcing fiber mat through which a polymer 
composition including unsaturated mono alcohol, 
polyisocyanate and catalysts is permeated. ' The unsaturated 
mono alcohol, the polymer composition, the catalysts and the 
reinforcing fiber mat used in the second embodiment are the 
.same as those of the first embodiment. The surface layer 44 
may be a sheet of flexible plastic such as a simple substance 
of resilient polyvinyl chloride resin or a mixed resilient 
substance of polyvinyl chloride resin and ABS resin or may be 
a fabric backing with a plastic sheet, a film and the like. 
The surface layer 44 is adhered to the base 42 while the 
polymer composition permeated throughout the reinforcing 
fiber mat cures. 

Figs. 7 through 9 illustrate a process of manufacture of 
the knee pad. Since the process in the second embodiment is 
almost the same as that in the first embodiment, here only a 
brief explanation is given. First, a surface layer 44 is 
vacuum molded from a flexible plastic sheet 44a in a mold 46. 
Second, a reinforcing fiber mat 42a is placed on the surface 
layer 44 via an adhesive and then a polymer composition 50 is 
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injected into the mold 46. Third, the mold 46 is closed with 
a cover 48. After the completion of curing of the polymer 
composition, an integrally-molded object consisting of the 
base 42 and the surface layer 44, i.e., a knee pad in this 
embodiment, is demolded from the mold 46 and is trimmed if 
necessary. The weight of the knee pad thus manufactured is 
reduced to almost 50 % of a conventional knee pad including a 
metal insert. 

Although the invention has been described with reference 
to specific embodiments thereof, it will be apparent that 
numerous changes and modifications may be made therein 
without departing from the scope of the invention. It is, 
therefore, to be understood that it is not intended to limit 
the invention to the embodiments shown but only by the scope 
of the claims which follow. 
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CLAIMS : 

1. A method for manufacturing an interior material for 
vehicles, the method comprising the steps of : 

(a) vacuum forming of a plastic surface layer by 
sucking a thermoplastic resin sheet in a thermosof tened state 
into a mold with a certain shape; 

(b) placing a reinforcing fiber mat onto said surface 
layer via an adhesive in said mold; 

(c) injecting a polymer composition containing 
unsaturated mono alcohol, .polyisocyanate and catalysts into 
said mold so as to permeate said polymer composition 
throughout said reinforcing fiber mat; and 

(d) demolding an integrally-molded object from said 
mold after the completion of curing of said polymer 
composition. 

2. A method as claimed in claim 1, wherein the 
unsaturated mono alcohol and the polyisocyanate of said 
polymer composition are admixed while being injected into 
said mold in step (c). 

3. A method as claimed in claim 2, wherein suction is 
executed throughout the steps (a), (b) and (c). . 

4. A method as claimed in claim 2, wherein step (c) can 
be replaced by the step of 

(c1) injecting a polymer composition containing 
unsaturated mono alcohol, polyisocyanate and catalysts into 
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said mold so as to permeate said polymer composition 
throughout said reinforcing fiber mat* and closing said mold 
with a cover after the completion of permeation, 

5. A method as claimed in claim 2, wherein step (c) can 
be replaced by the step of 

(c2) closing said mold with a cover and then injecting 
a polymer composition containing unsaturated mono alcohol, 
polyisocyanate and catalysts into said mold so as to permeate 
said polymer composition throughout said reinforcing fiber 
mat. 

6. An interior material for vehicles, which is 
manufactured by the method according to claim 2 and which 
comprises a reinforcing fiber mat with a polymer composition 
permeated therein and a plastic surface layer integrally 
formed therewith. 

7. An interior material for vehicles as claimed in 
claim 6, wherein said thermoplastic resin sheet used in step 
(a) is one of a group of: resilient polyvinyl chloride resin; 
resilient foamed polyvinyl chloride resin; and a mixed 
resilient substance of polyvinyl chloride resin and ABS 
resin. 

8. An interior material for vehicles as claimed in 
claim 6, wherein said reinforcing fiber mat used in step (b) 
comprises glass -fibers. 

1 4 
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9. An interior material for vehicles as claimed in 
claim 8/ wherein said reinforcing fiber mat partly contains 
carbon fibers. 

10. An interior material for vehicles as claimed in 
claim 6, said adhesive used in step (b) is one of an urethane 
adhesive , an epoxy adhesive and an acrylic adhesive. 

11. An interior material for vehicles as claimed in 
claim 6, wherein said unsaturated mono alcohol of the polymer 
composition used in step (c) contains both fumarate ester- 
mono alcohol and maleate ester-mono alcohol. 

12. An interior material for vehicles as claimed in 
claim 1 1 , wherein more than 95 % of said unsaturated mono 
alcohol is fumarate ester-mono alcohol. 

1 3. An interior material for vehicles as claimed in 
claim 11, wherein said unsaturated mono alcohol is 
synthesized from methacrylic acid, propylene oxide and maleic 
anhydride in the presence of an amine catalyst. 

14. An interior material for vehicles as claimed in 
claim 6, wherein said poly i socyana te of the polymer 
composition used in step (c) is either one or a mixture of 
aromatic polyisocyanate and aliphatic poly i socyana te. 
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1 5. An interior material for vehicles as claimed in 
claim 6, wherein said catalyst of the polymer composition 
used in step (c) is one selected from the group consisting of 
dibutyltin dilaurate, stannous octoate, dimethyl tin 
dilaurate, cobalt acetyl acetonate, tert-butyl perbenzoate, 
ben z oil -peroxide and methyl-ethyl ketone peroxide, or a 
combination of two or more than two selected therefrom. 
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Fig. 10 
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